Methods 30 Extra-and intra-cellular metabolites were extracted using five methods and analysed by 31 ultraperformance liquid chromatography mass spectrometry (UPLC-MS).
Introduction 23
The extraction solvent mixtures were optimized for untargeted metabolomics analysis of 24 microbial communities from two laboratory scale activated sludge reactors performing 25 enhanced biological phosphorus removal (EBPR).
26
Objective 27 To develop a robust and simple analytical protocol to analyse microbial metabolomics from 28 EBPR bioreactors. 29 
6
In each case of different methanol extraction (M, MW1, MW2 and MW3), 20 mg of 118 lyophilized pellet powder from each sample was extracted using 1 mL of extraction solution. 119 After sonication for 10 min, the samples were centrifuged at 13000 rpm at 4°C for 5 min and 120 the supernatant was collected. Extraction was repeated by adding another 1 ml of extraction 121 solution to the pellet. After centrifugation, the supernatant from the two extractions were The protocol used for the extraction of the polar and non-polar metabolites from these 128 matrices was adapted from that of Vrhovsek et al. (2012) . Briefly, 20 mg of powder from 129 each lyophilized pellet sample was extracted using 1 mL of a mixture of 130 water/methanol/chloroform (20:40:40). After vortexing for 1 min, the samples were put in an 131 orbital shaker for 15 min at room temperature. Samples were centrifuged at 13000 rpm and 132 4°C for 10 min, and the upper phases constituted of aqueous methanol extract were collected.
133
Extraction was repeated by adding another 600 µL of water/methanol (1:2) to the pellet and 134 chloroform fractions and shaking for 15 min. After centrifugation, the upper phases from the 135 two extractions were combined, dried by vacuum evaporator and stored at -80°C for further 136 analysis. The chloroform phase was also collected in a separated tube, dried by vacuum 137 evaporator and stored at -80°C for the analysis of non-polar metabolites. The same extraction 138 procedure was performed for extracellular metabolites by using rotary shaker for 15 min 139 instead of sonication. 
183
Prior to samples analysis, 5 blanks and 30 pooled QCs were injected to conditioning 184 the column and the instrument and following by 46 dilution QCs among 8 concentrations.
185
Number of injections was 10, 5, 3, 3, 5, 10, and 10 times for 100%, 80%, 60%, 40%, 20%, 186 10%, 1%, and 0% serial dilutions, respectively. To determine reproducibility of retention 187 time and peak intensity, pooled QC was injected at interval of every 5 samples throughout the 188 entire experiment. processed using the most suitable QC as reference and manual adjustments were made where 216 10 necessary in cases of peak misalignments. Peak picking was also performed by default with 217 minimum peak width of 0.01 min. Data was normalized to internal standards that were able 218 to be detected in acceptable peak shape and intensity. In data filtration step, whole dataset 237 We first examined the differences in metabolite profiles among samples from each reactor 238 using PCA categorised by extraction method and additionally by compartment (intracellular 239 or extracellular) in the case of Reactor B (Fig. 1) . In Reactor A, we observed that different 240 extraction methods induced distinct metabolite profiles were in both positive ( Fig 1A) and 241 11 negative ionization mode ( Fig 1C) , and that samples from the same extraction methods and 242 physiological state were clustered together. Plotting PCA sample scores confirmed that MW1 243 and MW2 presented related profiles in negative mode and the best separation of metabolites 244 in anaerobic and aerobic stages. For Reactor B, three extraction methods for extracellular 245 metabolites were less distinct from each other in positive mode (Fig. 1B) but better 246 differentiated in negative mode while intracellular metabolites were visibly clustered both in 247 positive and negative mode. Moreover, the profiles of extracellular metabolites are clearly 248 distinguished from intracellular metabolites (Fig. 1D ) .
Results and Discussion

236
General profile of metabolites in two lab-scale EBPR bioreactors
249
The data from non-polar phase derived from the MCW extraction method were also However, MCW extraction for Reactor B apparently showed the large variation between 254 extra-and intra-cellular non-polar metabolites with overlapping data points between two 255 different stages of time during the EBPR cycle ( Supplementary Material 2 -Fig 3) . 
Selection of optimal extraction method 262
To identify the optimal solvent system for the global metabolite profiling of microbial 263 communities in reactors, we evaluated the performance of five extraction methods based on 264 three criteria; 1) the uniformity of mass features distribution across the retention time axis, 2) 265 the peak intensities of metabolites and 3) the number of differentially expressed mass features 266 13 between the time points during the EBPR cycle and sample types, under the hypothesis that 267 many metabolite profiles should show differential abundance levels given the transition 268 between anoxic and aerobic physiological states across the course of the cycle study.
269
In Reactor A, MW1 generated the most uniform distribution of peaks across the phase were less than observed with methanol:water extraction methods, and this may be due 282 to partitioning of some non-polar metabolites into the chloroform phase. However, the peak 283 intensities were the lowest among the extraction methods and no significant differences (Supplementary Material 3 -Fig 7) . From the chloroform 294 phase data, the high number of peaks (Table 1 ) and increased number of differentially 295 abundant features ( Supplementary Material 3 -Fig 7) , it is likely that the microbial includes the presence of extra polymeric substance (EPS) and spatially clustered biomass, 319 such as floccular or granular morphology. This is consistent with the findings of the present 320 study and implies that extraction method appears highly biomass-specific and needs to be 321 optimized accordingly.
323
Conclusion 324 We used untargeted metabolomics analysis to investigate optimal metabolite extraction 325 solvents for different microbial communities in activated sludge enrichment reactors, 326 demonstrating that extraction methods need to be carefully tailored based on the microbial 327 community under study, even among communities with similar phenotypes. Our approach 328 provides direct surveys of the metabolic state of PAO-enriched EBPR communities, and 329 these data build the foundation for ongoing integrative omics studies of these complex 330 microbial communities. 
